Background: Diabetics are likely to receive advice from their physicians concerning lifestyle changes. To understand how much sodium is consumed by diabetics in Korea, we compared the average daily sodium intake between diabetics and non-diabetics after controlling for confounding factors. Methods: We obtained the sodium intake data for 13,957 individuals who participated in the Korean National Health and Nutrition Examination Survey (KNHANES), 2008 to 2010, which consisted of a health interview and behavioral and nutritional surveys. The KNHANES uses a stratified, multistage, probability-sampling design, and weighting adjustments were conducted to represent the entire population. Results: Our analysis revealed that, overall, diabetics tended to have lower sodium intake (4,910.2 mg) than healthy individuals (5,188.2 mg). However, both diabetic and healthy individuals reported higher sodium intake than is recommended by the World Health Organization (WHO). Stratified subgroup analyses revealed that the sodium intake (4,314.2 mg) among newly diagnosed diabetics was higher among women when compared to patients with known diabetes (3,812.5 mg, P=0.035). Female diabetics with cardiovascular disease had lower average sodium intake compared to those without cardiovascular disease after adjusting for sex, age, body mass index, and total energy intake (P=0.058). Sodium intake among male diabetics with hypercholesterolemia (P=0.011) and female diabetics with hypertriglyceridemia (P=0.067) tended to be higher than that among those who without dyslipidemia.
INTRODUCTION
Many studies have investigated sodium intake in non-diabetic patients. Higher sodium intake is associated with higher blood pressure [1] , whereas lower sodium intake can reduce blood pressure in hypertensive patients [2] [3] [4] [5] . The likelihood of developing type 2 diabetes mellitus (T2DM) is almost 2.5 times higher in persons with hypertension (HTN) than in normotensive individuals [6] . However, research investigating the potential association between diabetes and sodium intake are rare. According to the meta-analysis by Suckling et al. [7] , reduced sodium intake leads to lower blood pressure in type 1 diabetes mellitus (T1DM) and T2DM. Uzu et al. [8] revealed that higher sodium intake was associated with masked HTN in patients with T2DM. On the other hand, in a cohort study about sodium intake and mortality in T2DM, lower 24-hour urinary sodium excretion was, paradoxically, associated with increased all-cause and cardiovascular mortality [9] .
In Korea, there have been no standardized epidemiological studies on nationwide sodium intake to date. Using data from the Korean National Health and Nutrition Examination Survey (KNHANES, 2008 to 2010), we investigated sodium intake in Korea and the characteristics associated with sodium intake in patients with T2DM.
METHODS

Study population
The data analyzed in this study were obtained from the KNHANES IV and V (2008 to 2010). In total, 29,235 people participated in this study. We analyzed the data from male and female subjects who were more than 30 years of age. Participants who did not have data regarding their diet, demographic characteristics, and laboratory, and/or physical characteristics were excluded. People without data regarding the treatment of their HTN, diabetes mellitus (DM), hyperlipidemia, and/or medication history were also excluded. In addition, pregnant women and people whose total energy intake was less than 500 kcal or greater than 5,000 kcal were excluded, as were patients with diabetes whose glycosylated hemoglobin (HbA1c) was not recorded. After applying the exclusion criteria, 13,957 participants were enrolled.
Diagnosis of DM
It was impossible to distinguish T1DM and T2DM in the KNHANES dataset. DM is diagnosed by the American Diabetes Association (ADA), Korean Diabetes Association, and KNHANES criteria (fasting blood sugar ≥126 mg/dL, or patients with oral hypoglycemic agents [OHA] or insulin, or patients who were already diagnosed by a physician). The patients who were not diagnosed by a physician, but whose fasting blood glucose was over 126 mg/dL without OHA and insulin treatment, were considered as newly diagnosed diabetes.
Diagnosis of hypercholesterolemia
Participants whose fasting total cholesterol was ≥240 mg/dL or who were taking a lipid-lowering medication were considered to have hypercholesterolemia.
Diagnosis of hypertriglyceridemia
Participants whose fasting triglyceride was ≥200 mg/dL were considered to have hypertriglyceridemia.
Statistical analyses
All data are presented as mean±standard error (SE) or as prevalence (% and SE). Sampling weights were used to take the complex sampling into account, and statistical analyses were conducted using SAS version 9.3 software with the survey procedure (SAS Institute Inc., Cary, NC, USA). Because KNHANES uses a complex sample design method, we used the PROC SURVEY procedure of SAS, which uses weight, stratification variables, and cluster variables to obtain estimated results without bias. Statistical significance was defined as P<0.05.
RESULTS
Baseline characteristics of non-diabetic and diabetic patients Baseline characteristics of non-diabetic and diabetic individuals are shown in Table 1 . In total, there were 12,477 individuals without diabetes and 1,480 individuals with diabetes. The percentage of those that took part in smoking, drinking, and regular physical activity were similar in both groups. However, there were several notable differences. Educational attainment and income levels were lower among diabetics compared to non-diabetic individuals. The proportion of people having a body mass index (BMI) >25.0 kg/m 2 was higher among diabetic patients than non-diabetic patients. The prevalence of HTN, hypercholesterolemia, and hypertriglyceridemia was also higher among patients with DM.
Sodium intake in DM and non-DM Sodium intake among patients with and without diabetes is shown in Among females, sodium intake was 4,290.5 mg in non-diabetics and 3,933.3 mg among diabetics. However, after adjusting for sex, age, BMI, and total energy intake, those with diabetes did not have significantly lower average sodium intake (P=0.868) than non-diabetics.
Sodium intake in those with known or newly diagnosed DM
The comparison of sodium intake between previously diagnosed diabetic patients and those with newly diagnosed diabetes is shown in Fig. 1 . Analysis of this data reveals a trend that sodium intake among newly diagnosed diabetics is greater than those with established diagnoses. Particularly among females, this difference was statistically significant. (Table 3) had significantly lower average sodium intake compared to those without cardiovascular disease after adjusting for sex, age, BMI, and total energy intake (3,262 mg/day vs. 3,998 mg/day,
P=0.058).
A comparison of sodium intake according to whether or not the individual had hypercholesterolemia is shown in Table  3 . All subjects, males in particular, showed significant differences. After adjusting for sex, age group, education, income, BMI, smoking, alcohol use, physical activity, and total energy intake, in all subjects and particularly males, those individuals with diabetes and hypercholesterolemia had significantly higher sodium intake. A similar trend was observed among females, but was not statistically significant. A comparison of sodium intake among those with and without hypertriglyceridemia is shown in Table 3 . Females with hypertriglyceridemia had higher sodium intake compared to those without hypertriglyceridemia. The resulting P value was 0.067 after adjusting for sex, age group, education, income, BMI, smoking, alcohol use, physical activity, and total energy intake. The relationships between the quartiles of sodium intake, high blood pressure, hypercholesterolemia, and HbA1c are shown in Table 4. Compared to the baseline sodium intake of the reference group (1,637 mg/day), greater baseline sodium intake was associated with an increased risk of hypercholesterolemia (3, This trend was even more apparent among males (Table 4) . 
DISCUSSION
Few studies have investigated sodium intake among patients with and without diabetes in Korea. Huh et al. [10] revealed that average sodium intake estimated based on 24-hour urinary sodium excretion was 6,528.8 mg/day in male diabetic patients and 5,073.6 mg/day in female patients. Lee et al. [11] showed that sodium intake in diabetic patients aged 65 and over was 6,135.5 mg/day. Similarly, a study by Lim et al. [12] with diabetic patients aged 65 and over found that sodium intake based on 24-hour dietary recall was 4,719.6 mg/day in males and 3,461 mg/day in females. However, all of these studies are limited by the fact that their samples were very small. In our study, sodium intake among non-diabetics was greater than in diabetics (5,188.2 and 4,910.2 mg, respectively). Although this difference was not statistically significant, a trend with diabetic individuals' sodium intake being lower than that of non-diabetic individuals was observed. These findings were reported in a previous study [13] based on the National Health and Nutrition Examination Survey data in the United States. One explanation for this trend is physician recommendations regarding life-style modifications, particularly among individuals with diabetes [14] [15] [16] . Almost all adults in the United States exceeded the recommended sodium intake as stated by the 2013 ADA position statement for sodium intake [17] (a total of 99.4% of United States adults consumed more than 1,500 mg/day of sodium [13] ). Howev- er, adults in Korea still consume more sodium than Americans. Given the plethora of studies documenting the association between sodium intake and T2DM risk [18] , cardiovascular and chronic kidney disease risk [19] [20] [21] [22] [23] [24] , and links between sodium restriction and reduction in proteinuria, stroke protection, and enhancement of antihypertensive agents [10, 25] , limiting and managing sodium intake is central to public health. Because initiatives to reduce sodium intake have been implemented by various organizations, it is necessary to determine a more accurate, healthy amount of sodium intake. KNHANES data used in this study was obtained through 24-hour dietary recall. Because this method is less accurate, considering the dietary habits of Koreans [26] , there is a need to develop a more accurate method for estimating sodium intake in subsequent KNHANES surveys. In a similar manner to sodium intake among those with and without diabetes, we speculate that those with an established diabetes diagnosis may have lower overall sodium intake than those newly diagnosed with diabetes, due to lifestyle modifications.
Analysis of our data revealed that sodium intake was not associated with cardiovascular events (data not shown). However, female diabetics with cardiovascular disease had lower overall sodium intake compared to those without cardiovascular disease. A single-center, randomized control trial [27] reported lower sodium intake in patients with diabetes and cardiovascular disease compared to those with diabetes with-out cardiovascular disease. Reduced intake and enhanced dietary modifications, which are integral to cardiovascular disease care [28] , were assumed to have contributed to this observation.
Sodium intake was higher among people with diabetes accompanied by hypercholesterolemia and/or hypertriglyceridemia. In quartiles of sodium intake, those with greater sodium intake tend to have a higher risk of hypercholesterolemia. Thus, there remains a possibility that sodium intake could also affect blood lipid concentration in the Korean population. However, given the cross-sectional nature of this study, we remain skeptical of this possibility. Moreover, a prior study reported that changes in dietary sodium intake over 50 to 150 mmoL/day did not affect blood lipid concentrations [29] . If results similar to our results are found in subsequent studies from KNHANES data, there will be a greater need for more reliable studies on whether sodium intake affects blood lipid concentration.
This study has several strengths, including a large sample with diverse health and sociodemographic data from the Korean population and analysis that interrogates the potential associations between sodium intake and blood lipids among those with and without diabetes. The study is most limited by the fact that the KNHANES obtained data by 24-hour dietary recall, so the accuracy of sodium intake is not guaranteed. Our research is also limited by its cross-sectional nature because we could not elucidate the causal relationship between sodium intake and DM or hypercholesterolemia.
In summary, our study revealed that the overall sodium intake among Korean adults was very high. Second, individuals with an established diagnosis of diabetes, especially females, had lower sodium intake than did individuals with newly diagnosed diabetes or healthy individuals. In addition, female diabetics with cardiovascular disease had lower overall sodium intake than did those without cardiovascular disease. Third, among diabetics with hypercholesterolemia and hypertriglyceridemia, a trend toward higher sodium intake was observed in comparison to those with diabetes alone. Finally, we determined that among those with diabetes, sodium intake also increased the risk of hypercholesterolemia. Future studies will require more accurate tools to record sodium intake. Moreover, further prospective research is needed to elucidate cause-and-effect relationships between sodium intake and blood lipid profiles.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was reported.
